Nuclear techniques offer the unique possibility to investigate the hyperfine interaction at isolated im purities in matter. Electric field gradients at impurities in metals have now been determined in numerous systems. An overview o f the various techniques -perturbed angular correlation/distribution. M össbauer spectroscopy, nuclear orientation -is presented. For spimpurities in sim ple metals the results show a very clear pattern that can be understood in terms o f the local density o f states. Several recent applications o f nuclear methods to more complicated systems like alloys, point defects, diffusion, and surfaces are discussed.
Historical Introduction
One of the most im portant discoveries o f atom ic physics was the observation of the splitting of optical lines by the interaction of the electrons with the nuclear moments. For many years the m easure ment of this hyperfine interaction was only possible in free atoms. The determ ination of nuclear spins, magnetic moments, and later quadrupole moments of stable ground states has been very im portant in the process of achieving an understanding o f the structure of nuclei.
The detection of N M R in condensed m atter [1] opened up a completely new field, the use of nuclear moments in the investigation of liquids and solids. Four years later followed the first deter minations of quadrupole coupling constants [2] , The electric field gradient, EFG, is actually one of the most informative aspects of hyperfine interactions in solids we know today.
Not very long after the discovery of N M R /N Q R several new methods (perturbed angular correlation PAC [3] , nuclear orientation NO [4] , perturbed angular distribution PAD [5] , /?-NMR [6] , etc.) were invented to extend the nuclear mom ent m easure ments to radioactive nuclei and shortlived excited states, generally in condensed matter. Since for these techniques, however, the handling of radioactivity or the use of particle accelerators was necessary, only few laboratories could perform such experi ments. When the M ößbauer effect was discovered [7] , if found almost immediate w idespread applica tion, largely due to the fact that the solid samples studied did not have to contain radioactivity.
The steady improvement in experimental equip ment and facilities has now led to the situation that all the nuclear techniques, historically more direct ed toward nuclear moment measurements, can be routinely applied for solid state studies. Since generally only a small num ber of probe atoms ( 10 8- 10 14) are needed and high energy radiation is detected, these methods are especially suited for the investigation of impurities, primarily in metals. The internal magnetic field at impurities are of great value in all studies of magnetism, a very active area of solid state physics at present. This review is con cerned with the quadrupole interaction at im pu rities in metals, perhaps the most im portant con tribution of the nuclear methods, particularly when the many applications are considered.
Overview of Methods
In all studies of hyperfine interactions in solids one measures the splitting of the nuclear sublevels in the field acting on the nucleus. The techniques may be classified according to the way in which these energy separations, typically of order 100 MHz, are determined: a) Direct spectroscopy (N M R /N Q R ): Quanta corresponding to the transition energy are absorbed, emitted or scattered by the system. For RF spectro scopy the sensitivity is very low, making a large sample necessary. The accuracy and resolution of these techniques is generally ideal, limited only by the properties o f the solid investigated. b) Indirect spectroscopy (MS, OS, ESR): Quanta of higher energy (y-ray, optical, microwave) are used to detect the splitting via high resolution spectroscopy, thus increasing the sensitivity con siderably. In M össbauer spectroscopy (MS) quanta of typically 40 keV are detected, with a splitting of 100 MHz equivalent to ~ 0.4 (ieV, thus requiring 10~" resolution. This is obtainable by Doppler tuning of source and absorber with a velocity drive. The ultimate lim it to accuracy and resolution due to the nuclear state lifetim e (~ 1 |is) is typically 1 MHz.
c) Thermal population (NO): At low enough tem peratures (100 MHz corresponds to ~ 5 mK) the thermal population of the sublevels differs consider ably. This leads to anisotropic emission of the high energy nuclear decay radiation (a, ß, y, e~). Analysis of this effect can give the splittings with a typical accuracy o f 10%. Similarly for stable nuclei in bulk samples the effect of the splitting on the specific heat may be observed.
d)
Interference (PAC/PAD): Coherent produc tion of the nuclear sublevels in nuclear reactions or decay leads to a tim e-dependent interference pattern in the subseuent decay, the beat period for a 100 MHz splitting being 10 ns. The nuclear lifetimes (1 ns to 10 ms) generally limit accuracy and resolu tion. A related technique, where not nuclear but optical transitions are observed, is known under the name of quantum beat spectroscopy.
O f course, these basic techniques can the be combined in various ways to enhance sensitivity or resolution. The well known END OR spectroscopy provides the classical example as a com bination of ESR and NMR. The most im portant nuclear com bined technique is probably /?-NMR, where longlived /^-active nuclei are produced in a polarized state and the NM R destruction of this polarization is monitored via the /?-anisotropy, combining nuclear sensitivity with NM R precision. N aturally all the methods m entioned here are described in detail with many technical variants in the literature [8, 9] . In Fig. 1 
PAC/PAD Basics

interaction
While the basic principles of N M R /N Q R and MS are well known by now and those of NO are quite straightforward, the PAC/PAD m ethod has not yet reached the textbook level and needs some introductory explanation. It shall be described here in simple physical terms. Elegant spherical tensor density matrix descriptions of the full theory are available in review articles [10] .
The concept of angular correlation in a y-ycascade can easily be explained for the simplest example, a spin sequence of 0-1-0. The first ytransition produces the interm ediate state only in the m = ± 1 substates in the coordinate system along the emission direction z, since the photon has to carry one unit of angular momentum. For the same reason the second decay y is then emitted preferen tially parallel or antiparallel to z. An angular corre lation of the form W(0 i2) = 1 + A22 ^( c o s 6 n) describes this behaviour. The correct coefficient A22 = 0.5 is obtained if one realizes that the m = 0 interm ediate state would not be able to emit into the z-direction at all, and equal population of m = -1, 0, + 1 would give isotropy. For more com plicated spin sequences vector coupling theory results in a somewhat complex angular correlation, with the contributions of higher order Legendre polynomials P 4, P6 generally being small, however. For a lifetime r of the interm ediate state of the cascade the coincidence rate for two detectors at an angle 0 will be of the form
experimentally measurable for r in the ns to ps range. If one then applies a magnetic field B perpendicular to the detector plane, the initial an isotropy distribution, coupled to the intermediate nuclear spin system, will rotate with the Larmor precession coL = /i B/i h, giving
The perturbation thus yields a periodic modulation of the coincidence rate as function of tim e that is measured in such a "spin rotation" experiment. The modulation frequency is 2 coL to lowest order, corre sponding to a Am = 2 transition in NMR. In Fig. 2a the PAD variant of this technique is shown as example. Here the isomeric nuclear state is populat ed and aligned by a pulsed accelerator beam, thus eliminating the need for a coincidence and enabling measurements of very longlived (ms) states.
It is also possible to study nuclear quadrupole interactions by these methods. Since ± m are populated equally, however, not net precession results but only a "breathing" of the angular dis tribution at different frequencies due to the unequal sublevel splitting. A typical perturbation in a single crystal obtained after elim ination of the trivial effects of the exponential decay is shown in Figure 2b . If randomly oriented E F G 's are present, an even more complex pattern results containing Am = 2, 1,0 components. Some special variants of PAC/PAD also allow to determ ine the sign of the quadrupole coupling through the production of nuclear polarization via /?-decay [11] , Coulomb [12] or surface scattering [13] .
Modern Facilities
A common requirem ent for all nuclear m ethods is the preparation of samples containing the radio active probe atoms. It is in most cases very difficult and time consuming to use classical radiochemical techniques for this purpose. The im plantation process has been widely used in recent years as the most universal way to produce samples, particularly for metals. There are basically three possibilities: a) Activation where the sample is used as a target for a nuclear reaction like (n, 7) , (p. n) and the products are stopped internally.
b) Mass separators, where the ionized radioactive atoms are accelerated (typically to 50 keV) and implanted to a depth of typically 100 A. The most powerful of such facilities are on-line with an intense beam of primary particles, like 600 MeV protons for ISOLDE at CERN [14] . This is partic ularly im portant when short source halflives (seconds to hours) are involved. c) Heavy ion accelerators like VICKSI at HMI Berlin [15] , e.g., where the products o f nuclear reactions with thin targets are recoil im planted into a backing at typically 5 MeV. Heavy ion reactions like ( 160 , 3n) have also been used in many cases to implant shortlived isomers for PAD experiments into a metallic matrix.
Probe Elements
The ~ 60 possible probe elements for conven tional N M R /N Q R are practically all well known. Only some variants using nuclear detection have not been fully explored. The same is true for the ~ 20 suitable isotopes for MS. Even if new cases would be found, they are likely not to be of practical importance. For PAC this is not at all the case yet. The availability of shortlived sources will probably expand the present spectrum considerably. The use of more sophisticated instruments like electron spectrometers or semiconductor detectors will be necessary for most cases, however. The same is true for PAD, particularly for the heavier elements. Virtually all elements with Z > 18 have candidate levels for this technique. The low tem perature NO method is also applicable for almost all elements, especially when combined with on-line im planta tion. The completion of the systematic study of E FG 's in non-cubic metals can benefit very much from such measurements. Due to the form idable technical and principal problems of this technique, however, it will most likely not be very useful in the study of the more complex m aterials o f interest in the future. With some exceptions the same is true for PAD.
Nuclear Quadrupole Moments
One of the major problems in obtaining E F G 's by nuclear methods is the determ ination of the nuclear quadrupole moments, as only the product e2 Qq is measured. Considerable progress has been made in this respect, however, during the last 20 years.
Stable groud state accuracies of 1% have been obtained in many cases, generally by m uonic X-ray spectroscopy. Also the values derived from atomic spectroscopy are now reliable to within 5% in most cases. If then the stable and a radioactive nucleus have been studied in the same matrix, the frequency ratio fixes the quadrupole moment.
Unfortunately such experiments are not availbale for all cases. For many elements the chain of data still contains a "missing link". It is then necessary to make use of some other information: a) Nuclear theory can be used to relate the quadrupole moment for favourable cases to other measured param eters like transition strengths, yield ing values accurate to 5 -10%. b) Nuclear systematics may give (2-values to 10-20% when the equivalent nuclear state has been measured for e.g. a neighbouring isotope. c) Nuclear models are still now in a state that their predictions for quadrupole moments may only rarely be trusted to better than 10-30%. d) EFG calculations for most systems can not yet be performed in a satisfactory way. W ithout guid ance from experiments the accuracy rarely exceeds 20%, for metals sometimes not 50%.
For most nuclei of importance as probe elements reliable values are now available. In some cases, however, the accepted values had to be changed in recent years by factors up to 2 .
B) Typical Examples
Field Gradients in sp-Metals: luCdCd
The nuclear state that has found the most appli cations in nuclear studies of the quadrupole inter action is the first excited 5 /2 + isomer of halflife 84 ns in 111 Cd. It may be populated in several ways as sketched in the level scheme of Figure 3 a. Field gradients in a large num ber of systems have been determ ined by exploiting the various possibilities. The simplest matrix, Cd metal, has naturally been paid special attention, particularly since no stable Cd isotope with / > 1/2 is available. A typical m odulation pattern from an in-beam PAD experi ment is shown in Figure 3 b. The interaction fre quency can clearly be extracted with considerable accuracy. A the same time one can seen that at lower tem perature some damping of the m odulation is observed, coming from the frequency spread that has to be attributed to defects created in the metal during the im plantation process [16] . This damping is absent for chemically prepared samples studied by y-y-PAC. 
c) T[°K]
Figure 3 c shows an early example of a deter mination of the EFG tem perature dependence by these methods. The deviations of the low tem pera ture PAD data [17] from the intrinsic curve are connected with the defects mentioned above. At high tem peratures the original PAC data [18] suffered from a trivial experimental problem. The tem perature shift of the EFG in this and most other systems was observed to follow quite closely a T L5 dependence [19] . This effect is now believed to come from a somewhat fortituous interplay o f the lattice expansion, a complex phonon spectrum and anharmonic thermal vibrations.
Since only high energy y-quanta are observed, the PAC technique can also be applied to determine the effect of hydrostatic pressure and uniaxial stress [20] on the EFG. The results clearly show that the anisotropy of the nearest neighbour configuration in the crystal gives the dom inating contribution.
For the 5 /2+ isomer in 111 Cd the fortunate situation exists that three independent methods have been used to obtain the quadrupole moment: a) Experimentally backed estimates of E FG 's in selected ionic solids yield [21] The NO experiments and ß-y PAC data [11] clearly show a positive sign for e2 Qq/h and therefore a positive EFG V:: -+ 7.2 • 1017V /cm 2. This finding is in sharp contrast to the earlier used simple model of positive point charges at the atomic sites.
Field Gradients in sp-Metals: Sn Cd
As already seen in the determ ination of the quadrupole moment of 11'C d it is in many cases im portant to have several nuclear states of the same element available. A typical example for this are the Sn isotopes. With pulsed beam PAD m easurements the coupling constants in Cd metal at ~ 550 K for isomeric states of 113, ll4,115, " 6-118Sn were deter mined [24] , For the 118Sn 10+ isomer the quadrupole moment can be obtained reliably from the strength of the 10+-8 + transition via nuclear theory. The tem perature dependence, found to be similar to the Cd Cd case [25] , thus allows to obtain the T= 0 value of the EFG by extrapolation as V:: = 9.8 • 1017 V /cm 2. A positive sign of the EFG for SnCd and a negative one for SnSb results from analysis of the ll9Sn Mössbauer emission spectra of single crystals following 1,9Cd im plantation at ISOLDE [26] shown in Figure 4 .
Field Gradients in sp-Metals: u2SbCd
The EFGs for Cd, In, Sn in Cd all have positive values of sim ilar magnitude. Earlier data [27] gave some hint that something unusual happened for an Sb im purity atom. In Fig. 5 a PAD experiment performed at VICKSI is shown that clearly dem on strates this fact [28], The 8 " isomer of 112Sb was recoil im planted following 103R h (12C, 3n) into a heated Cd single crystal. The very small modulation frequency gives e2 Qq/h = 5.9(2) MHz. If the c-axis of the crystal is turned into the beam direction the modulation disappears, thus proving that this is the EFG z-axis as required for a substitutional position. In this case the quadrupole moment involved could be fixed by a m easurem ent of the 112Sb isomer in Sb metal [29] and comparison with N Q R data. The resulting EFG is more than an order of magnitude smaller than for the other 5 sp im purities in Cd, in complete disagreem ent with all expectations from previous systematics.
Temperature Dependence of EFG: 19KrZn
Since the EFG temperature dependence is thought to be dom inated by lattice vibrations, a particularly strong effect could be expected for an impurity like a noble gas with very weak binding to the lattice and thus low frequency local vibrations. Up to 400 K a PAC experiment at ISOLDE on the 5/2+ state of 79Kr gave the first evidence for the expected effect [30] . At higher temperatures, however, this measurement was not possible any more, apparently due to diffusion of the implanted 79Rb activity. On the other hand, clean PAD spectra of the same isomeric state populated via (12C, 3n) at VICKSI in a 70Zn single crystal could only be obtained above 450 K [31] . The combined data, plotted in Fig. 6 on a r 15 scale for sim pler interpolation are proof that the same (substitutional) lattice site is taken up in both experiments. The expected unusual tem pera ture dependence, more than 3 times stronger than for other im purities in Zn, is clearly demonstrated.
EFG Tensor of Lower Symmetry: *°RbGa
The crystallographic phase of gallium metal stable at room tem perature has an orthorhom bic unit cell. The arrangem ent of atoms can be viewed as a face centered close packing of Ga dimers with their axis tilted 16° from the c-axis in the a -c plane. For a substitutional site the EFG is therefore specified by 3 parameters: qzz, 77 and an angle ß with the 2-axis. For G a matrix atoms these values are known from N Q R /N M R experiments [32] . It was interesting to test the application of the PAD technique to the study of impurities in such a more complicated solid.
The 2.4 | j s , I -6 isomer of 80Rb was produced in a 71G a single crystal via ( 12C, 3n). The modulation pattern in Fig. 7 a and its Fourier transform (Fig. 7b) are completely analogous to a NQ R spec trum in the time and frequency domain [33] . e2 Qq/h = 50.8(1) MHz and //= .238(5) can be obtained from it with good precision. It is perhaps interesting to mention that in this case the quadru polar perturbation has been used to determine the spin of the nuclear state involved. An accurate determ ination of the angle ß, however, requires the application of an external magnetic field in a sim ilar way as for NQR. Analysis of the very complex patterns obtained for different field direc tions gives ß= 15(1)°. The point symmetry at the im purity therefore conforms to the unperturbed lattice, giving strong support to the assumption of a substitutional replacement. The close agreement of the angle ß with the lattice value, however, seems to be the exception rather than the rule when com pared with results for other im purities (Ge, As, Cd, Sn) [34] , Q EFG Systematics
sp-Metals
The EFGs are now known for very many im purities in non-cubic metals, prim arily through the application of nuclear methods. Several com pila tions and reviews have been published [35] . Some systematic trends have been discovered, dem onstrat ing that the EFG is directly related to the charge distribution asymmetry in the near neighbourhood of the probe atom. The most im portant result, however, is that in general the contribution of the conduction electrons overshadows the effect of the ionic cores. At present no theory of electronic structure of metals appears to be able to calculate the EFG with reasonable accuracy for a wide range of systems. It is therefore wise to focus attention on simple probe-matrix combinations.
The groub II b metals Zn, Cd, Hg all crystallize in a strongly distorted hexagonal lattice that can be derived from a close-packed structure. To eliminate complications due to localized d or f states only sp impurities shall be considered here. In Table 1 the presently known field gradients for 4sp, 5sp and 6 sp impurities in the II b metals are listed. Signs are given only when experimentally determined. In Zn and Cd positive values are found for group I -I V impurities, while for I a negative EFG was m ea sured. For the group Va cases A sZn and SbCd unusually small absolute values were found. These observations suggest a systematic behaviour: Posi tive EFG for group I-IV , a practically zero-cross- ing at group V and negative ones for group VI -V III probe elements. With this assumption the experi mental EFG for 5sp probes in Cd is plotted in Fig. 8 a as function of im purity valence. To include the data for 4sp probes (in Zn) on this plot, these have been m ultiplied by a factor of 2. This is very much suggested by the data of Table 1 and also in line with the relative size of the EFG for a valence p-electron [36] , Similarly a factor of ~ .5 is appro priate for the 6 sp probes (in Hg).
In Fig. 8 b a model for the local density of states of a II b metal (Cd) is shown. It consists of a filled 4d band, a 5s band and 5p bands. The important aspect is that the 5 p ; band has a smaller width because the overlap to the nearest neighbours is smaller in the z-direction as sketched in Figure 8 c. In a simple tight-binding approxim ation one can obtain the EFG directly as
where qp is the value for one 5p electron. It may be seen immediately that a positive q results. The electron distribution thus obtained is quite similar to the one assumed in an electrostatic model used to explain the positive Cd (and Zn) field gradient [37] , If then a 5sp im purity is substituted for the central atom in Fig. 8 c the atomic 4d, 5 s, 5p states will be situated differently with respect to the Fermi level. If the overall nature of the local band struc ture is not very much changed by this, one can simply shift the local Fermi level on Figure 8 b. The resulting q is then zero for EF at the center of the 5p band, corresponding to a half-filled 5p shell. If one requires neutrality for the im purity atom this would be the case at the group Va element Sb. If the Fermi level moves above the 5p energy, a negative q is obtained. Such a picture can be made some what more quantitative by including realistic orbital energies [36] and atomic field gradients for the impurities. The result of such a calculation is included in Fig. 8 a showing rather good qualitative agreement with the data. This is evidence that the basic reason for the unusual valence dependence observed is really a local p-orbital phenomenon.
It is interesting to note that the schematic local density of states in Fig. 8 b also contains a qualita tive explanation for the strong deviation of Cd (and Zn. Hg) from close packing: To first order a JahnTeller type distortion of a fictive cubic crystal will only remove the degeneracy of the p z and bands. This enables the system to put more elec trons into the band with larger width, thus gaining energy in distorting.
Semimetals
With similar reasoning as for the group II b metals the EFGs for sp impurities in the group Va semimetals As, Sb, Bi are summarized in Figure 9 . Here the data are much more sparse and also values for im purities from a group different from the matrix had to be included, applying a correction factor of .5, 1, and 2 for period 4, 5, and 6 probes. A similar trend may be observed as in the IIb matrices, with a zero-crossing at about group Ilia. This trend can be explained in a straightforward way using a covalent bonding picture [38] . The tendency that the normalized EFGs generally decrease going from As through Sb to Bi as matrix is seen as a direct con sequence of the decreasing deviation from close packing. A disturbing fact is the observation that in Sb opposite signs for the EFG of Hg and Cd have been measured [39, 40] . If these data stand an experimental test, a systematic behaviour would be very hard to find for these semimetals. The unusual tem perature dependence for C dSb discussed below further complicates the picture. That the zerocrossing for Bi as matrix is shifted more towards group IV may be an indication that Bi is more metallic than the other two semimetals.
d-Elements
A considerable amount of experimental data also exists for d-probes as im purities, mostly in other d-elements. It has been dem onstrated clearly that an initially proposed "universal" correlation [41] between ionic and electronic contribution is widely violated for such systems, just as for the sp-elements dis cussed above. Some m odified systematic trends have been postulated [42] . It will be interesting to see if the qualitative understanding reached for the sp-elements can be extended to the d (and 0 probes.
Anomalies
In all the cases studied up to now the EFG at a substitutional impurity has been found to conform to lattice symmetry. Due to the short range nature of the interactions leading to the field gradients, these have generally been found to be little affected by im purities in metals. Two exceptions to these rules have been found that could be a clue to a significant local electronic structure change at the probe nuclei: a) For the EFG at Rh in the hexagonal Y lattice a value of rj = 0.5 has been measured [43] . This could imply a strong local symmetry breaking, possibly connected with localized d-states at the Rh atom.
b) The EFG at Cd in Sb is strongly influenced by impurities like Cd or In. Even 0.1% can lead to a change by 50% [44] , This observation, pointing to a localized electronic state at the Cd probe in the semimetal Sb, is certainly also connected with the unusual tem perature dependence [44] of the EFG in this system.
D) Applications
Lattice Relaxation in Alloys
Since the EFG is closely connected to the geom etrical arrangement of the environment of the probe atom, it is influenced even by small changes of the lattice structure. According to the schematic density of states for Cd in Fig. 8 one would expect that when taking electrons out of the conduction band the force leading to distortion should become smaller because fewer electrons will be in the p-band. Therefore the c/a ratio should decrease on alloying with monovalent im purity atoms (Ag, Au) while it should increase for trivalent impurities. Precisely this effect has actually been observed quite some time ago for Zn alloys.
For Cd alloys the corresponding shifts in e2 Qq/h on alloying could be quite readily observed [45] . Furtherm ore, a frequency distribution is induced on alloying in proportion to the frequency shift. This is evidence that the lattice relaxation around an im purity of different valence is rather long-ranged and highly anisotropic.
Diffusion in Alkali Alloys
Among the simplest non-cubic metallic systems for the study of EFGs would be alkali-alkali alloys. Here one can reach a quantitative understanding with present day theories. Unfortunately experi menting with these systems has considerable diffi culties. Using PAD in a magnetic field it has been possible to measure the quadrupolar frequency distribution for 80Rb in several alloys [46] . For a .representative case the frequency distribution width is shown in Fig. 10 as function of temperature. Here the random atomic distribution o f the two com ponents leads to non-vanishing EFGs even in the overall cubic alloys. Above 180 K significant changes are observed. They can be related to the onset of atomic diffusion in this tem perature range, thus resulting in a motional narrowing. The con centration dependence of the distribution width follows approximately a j/c (1 -c) relationship.
Point Defects: U]InAl
The study of point defects in metals is certainly the area where the nuclear methods have been applied most successfully. Vacancies or interstitials in the neighbourhood of the probe atom will create EFGs even in cubic metals. The defects are pro duced in various ways. Implantation, p, a, n, e~-irradiation, quenching, cold-work, and nuclear re coil have been used. In most cases the experiment has to be performed such that the defect is a near neighbour of the probe atom. The case to be discussed, vacancy trapping at In in Al, is one of ~ 100 existing examples.
In Fig. 11 a three PAC spectra of 11 'In -> inCd in an Al single crystal are shown [47] . After cyclic torsion at 77 K the weak slope indicates more crystal imperfections created far from the probe. At 210 K the defects can migrate and be trapped at In. The pattern observed is characterized by rj = 0, e2 Q q/h= 133 MHz. Measurements at different angles have shown that the EFG axis is along [111] . Since this same frequency is also observed on quenching of Al [48] , the vacancy type nature is proven. The most straightforward structural model would be a trapped divacancy, leading to the con figuration shown in Figure lib . At higher tem pera tures the defect is no more observed clearly due to detrapping.
Together with similar experiments using e~-\r-radiation to produce trapped interstitials one can get detailed information about the nature of the 
Surface Studies
Since the nuclear methods require only a relative ly small num ber of atoms, they are ideally suited to study interfaces or surfaces. It should be quite straightforward to investigate isolated atoms at a single crystal surface. Unfortunately the technical problems are rather formidable. Recently a first experiment by PAC of that type has been successful and the EFG for one system, m Cd on Mo (110), could be measured [49] , More sophisticated experi ments to study defects or diffusion on surfaces are clearly possible.
The first PAC experiment at surfaces was the determination of the u 'Cd EFG in an In monolayer on In [50] , Furthermore the EFGs for Li and Na on W ( 110) have been measured recently by a different technique [51] . There seems to be a completely new research field coming up, nuclear surface physics.
